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Increased kyphosis is a common condition among older adults that may, directly or indirectly, be a risk factor of poor mobility and disability. Epidemiologic studies have demonstrated that age-related hyperkyphosis, which some authors define as having a kyphosis angle greater than 40 degrees, 1,2 affects 20%Y40% of older adults. 3 This condition has been associated with other medical problems, such as falls, 4 osteoarthritis, osteoporosis, impaired pulmonary function, and mortality. 3 In addition, kyphosis may affect physical function and disability through its effect on both standing posture and the aforementioned associated medical problems.
Previous studies regarding the effect of kyphosis on physical function have not been consistent. Some studies have found greater kyphosis to be associated with worse physical function, balance, or mortality. 5Y9 However, two studies reported no relationship between increased kyphosis and balance. 10, 11 Of the few studies that have evaluated kyphosis and mobility, most are limited by small sample size and the exclusion of men. 6 ,8Y10,12Y16 Few have focused primarily on the geriatric population; one demonstrated that the association between kyphosis and physical function was stronger in women than men, 7 and the other showed that seniors with greater degrees of kyphosis were more likely to have poorer physical function. 5 The differing results observed among studies of increased kyphosis may be caused by multiple reasons, including the method used to measure kyphosis or the specific outcomes used. Kado 3 concluded that there is a need to better understand these relationships within a populationbased sample of older adults.
To address this concern, an analysis of kyphosis was conducted using the Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly (MOBILIZE) Boston Study data, a population-based study of community-living older adults. It was hypothesized that increased kyphosis would be associated with declines in balance performance and both observed and self-reported mobility.
METHODS

Participants
The data from the 18-mo follow-up visit of the MOBILIZE Boston Study cohort were used. The study participants included women and men aged 70 yrs or older living within 5 miles of the study clinic at Hebrew SeniorLife in Boston; spouses of the participants aged 64Y69 yrs were also enrolled. Participants were considered eligible if they were able to walk 20 ft without personal assistance of another person, able to communicate in English, and expected to stay in the Boston area for 2 yrs. Participants were excluded if they had a terminal disease, severe visual deficits (i.e., unable to read large print), severe hearing deficits (i.e., unable to converse over a telephone), or moderate to severe cognitive impairment (defined as a MiniYMental State Examination score of G18). Details of the study methods have been published previously. 17 All protocols for the study and consent procedures were approved by the institutional review boards of Hebrew SeniorLife and Spaulding Rehabilitation Hospital.
Extensive health assessments were conducted at the baseline and 18-mo follow-up visits. Kyphosis measurements were obtained only at the 18-mo follow-up, at which 620 of the initial 765 participants had assessments including kyphosis measurements. Before the 18-mo visit, 36 participants (4.7%) died and 98 (12.8%) withdrew from the study for health and other reasons. There were 11 people (1.4%) missing kyphosis index (KI) data, and thus, 620 participants (81.0%) were included in this analysis.
Kyphosis
Thoracic kyphosis was quantified through determination of the KI using a flexicurve ruler. This very reliable measurement 18,19 was obtained by molding a flexicurve ruler along a standing participant's spine after placing one end of the ruler at the level of the C7 spinous process. The location on the ruler that was level with the lumbosacral joint was marked, and the curve was traced onto graph paper. A straight line was then drawn from the level of C7 to the lumbosacral joint. 20 The index of kyphosis was represented by the height of the thoracic curve divided by the spinal length, times 100, with higher KI indicating greater kyphosis 8 (Fig. 1) . In several different studies, the reliability of KI measurement was found to range from 0.86 to 0.99 in populations of postmenopausal women 18,19 and older men and women. 21 This mode of kyphosis measurement has been validated radiographically. 21
Mobility and Balance Measures
Lower extremity mobility performance was measured using the Short Physical Performance Battery (SPPB), consisting of a 4-m usual-paced walk, standing balance, and time to stand up and down from a chair five times (Bchair stand time[). 22, 23 The SPPB has been well validated and varies from 0 to 12, with lower scores associated with an increased risk for disability, nursing home admission, and mortality. 22,23 A difference of at least www.ajpmr.com 0.5 on the SPPB score is considered clinically meaningful. 24, 25 The Berg Balance Scale (BBS) is a multicomponent test of standing balance, consisting of 14 balance tasks (each scored from 0 to 4) with a score range 26 of 0 to 56. This scale has been validated in community-living older adults, and lower scores predict greater risk for falls. 27 A clinically meaningful difference is 4 units on the BBS. 28 Disability (1, yes; 0, no) was defined as any selfreported difficulty walking a quarter of a mile or climbing one flight of stairs or ten steps. Self-reported mobility disability is a well validated measure associated with functional mobility performance. 29Y31
Demographic and Health Characteristics
Demographic characteristics included age, sex, race, and years of education. General self-rated health was measured on a scale of 1Y5 (1, excellent; 2, very good; 3, good; 4, fair; or 5, poor). 32 Medical conditions were determined through self-report (e.g., stroke, heart disease, diabetes), a diabetes algorithm, 33 measurement (e.g., body mass index [BMI]), and previously validated scales (such as the Eaton method using the Center for Epidemiologic Studies Depression Scale). 33 Pain was measured using the Brief Pain Inventory 34 and the McGill Pain Map. 35 Falls selfefficacy was measured using the Tinetti Falls Efficacy Scale, a ten-item instrument assessing degree of selfconfidence in performing daily activities on a scale of 0 to 100; a cutoff of 90 was used to separate likely fallers from nonfallers. 36 
Statistical Methods
The authors first looked at descriptive statistics, scatterplots, and the distribution of KI and the outcomes. Three iterative regression models were performed to evaluate the relation between KI and both the SPPB and the BBS. The initial model adjusted for demographic factors (age, sex, race, and education). Subsequently, adjustment for BMI, selfrated health, and important comorbidities (heart disease, diabetes, stroke, and depressive symptoms) was added. Lastly, the authors also adjusted for back pain, knee pain, and falls self-efficacy in their fully adjusted model. KI was first modeled as a continuous variable, and linear regressions were performed to evaluate the relationship between KI and both the SPPB and the BBS. The relationship of KI with mobility-related disability was evaluated using a logistic regression model. Next, the authors modeled KI as a categorical variable, dividing the population into quintiles by KI, and evaluated the trend across the five levels for the SPPB and the BBS. If a clinically significant trend was observed, KI was then evaluated using multiple dummy variables, with quintile 1 (including the participants with the lowest KIs) as the referent category to find the quintile at which a significant difference in the outcome occurred.
Then, a series of post hoc analyses was done. The authors first explored differences by sex status, checking the interaction terms between KI and sex for this study's outcomes, modeling KI as a continuous variable. Where a statistically significant interaction term was found, the authors looked at sex-stratified models and assessed differences between quintiles and their referent quintile 1 using dummy variables. In these sex-specific analyses, the participants were stratified into the same KI categories as that used in the analyses of all participants. In addition, the authors examined the relationship between KI and sex for the three SPPB components (balance, gait speed, and chair time) among all participants and in the sex-stratified models. Data were analyzed using SAS Version 9.1 (Cary, NC).
RESULTS
Of the 620 participants (226 men; 394 women), 22% were nonwhite and 68% were college graduates; the mean (SD) age was 79.2 (5.4) yrs. When compared with the 620 participants in the 18-mo follow-up, the 145 MOBILIZE Boston Study enrollees who did not participate in the follow-up were similar according to age (mean T SD, 79.4 T 5.6 at baseline), sex (65.5% women), and race (25.5% nonwhite). Fewer nonparticipants graduated from college (37.2%), and more had fair or poor self-rated health (fair or poor health, 25.5% of the nonparticipants, vs. 12.4% of the participants) at baseline.
The KI scores ranged from 4 to 26 (mean T SD, 10.7 T 3.1). Differences according to KI quintile were observed; the participants who were older (P G 0.001), were white (P G 0.01), had worse selfreported health (P = 0.04), or had history of stroke (P = 0.04) tended to have higher KI ( Table 1) . The mean T SD SPPB score for this study's entire population was 9.2 T 2.5 (range, 1Y12). The unadjusted mean values for the SPPB across quintiles 1Y5 were Q1, 9.5; Q2, 9.5; Q3, 9.4; Q4, 9.1; and Q5, 8.4. The mean T SD BBS score for this study's entire population was 49.5 T 6.6 (range, 12Y56). The unadjusted mean values for the BBS across quintiles 1Y5 were Q1, 50.0; Q2, 50.1; Q3, 50.4; Q4, 49.2; and Q5, 47.8.
The percentage of participants in each quintile that reported difficulty walking a quarter of a mile or climbing stairs for the overall population was 38.1%, with the following values across quintiles 1Y5: Q1, 40 KI was significantly associated with worse performance on the SPPB. When KI was modeled as a continuous variable, the association remained significant (fully adjusted A = j0.08, P G 0.01) even after adjusting for demographic factors, health conditions, pain, and falls self-efficacy. Similarly, it was found that the test for trend across the KI quintiles was significant (P = 0.01) in the fully adjusted model ( Fig. 2A) . When KI was modeled as Percentages were based on nonmissing data. No single variable had more than 2% of data missing in the overall population. Percentages within the KI quintiles were based on totals within the KI quintiles for each variable.
a Self-rated health was rated on a scale of 1Y5, with 1 as excellent and 5 as poor. b The Tinetti FES was graded on a scale of 0Y100; fallers are more likely to score less than 90.
FES indicates Falls Efficacy Scale.
www.ajpmr.com a categorical variable, a statistically significant difference between quintiles 1 and 5 was observed (P G 0.01). KI was not significantly associated with the BBS. This was observed when KI was modeled as a continuous variable (fully adjusted A = j0.09, P = 0.23) and across the quintiles of KI (P = 0.25; Fig. 2B ) When KI was modeled as a categorical variable, a significant difference between quintile 1 and any other quintile (P ranging from 0.06 to 0.80) was not observed.
In the authors' models of self-reported mobility disability, no association between KI and their outcome was found. KI was not significant when modeled as a continuous variable (fully adjusted model: 95% confidence interval, 0.93Y1.06) or as a five-level variable (fully adjusted model: trend P value = 0.99; Fig. 2C )
In the post hoc analyses of KI and sex, the authors found a statistically significant interaction (fully adjusted A = 0.04, P = 0.01) only in their models of the SPPB. In their sex-stratified analyses, KI was associated only with SPPB; specifically, higher KI was associated with worse performance on the SPPB (fully adjusted A = j0.09, P = 0.01, for continuous KI) among the women. Again, it was found that, among the women, the trend across the KI quintiles was significant (P = 0.01) and that there was a significant difference between quintile 5 and quintile 1 (P = 0.02) even after full adjustment. Significant associations between KI and the SPPB in the men were not observed when KI was modeled continuously (P = 0.28) or as a five-level variable (P = 0.49).
In the authors' post hoc analysis of KI and the SPPB components, it was found that higher KI was significantly associated with slower gait speed and longer chair time. This relationship was demonstrated when KI was modeled continuously for both gait speed (fully adjusted A = j0.01, P = 0.01) and chair time (fully adjusted A = 0.32, P = 0.001). The trend across the KI quintiles was also significant for gait speed (fully adjusted A = j0.02, P = 0.01) and chair time (fully adjusted A = 0.61, P G 0.01). However, higher KI was not associated with the balance component of the SPPB when modeled continuously (P = 0.90) or as a five-level variable (P = 0.97). The interaction term for KI and sex was not significant for gait speed (P = 0.41) or chair time (P = 0.80). However, as in the authors' SPPB models, sex-stratified models revealed statistically significant associations between KI and chair time and gait speed only among the women. When KI was modeled as a continuous variable, a significant association was noted with gait speed in the women (fully adjusted A = j0.01, P G 0.001) but not in the men (fully adjusted A = j0.01, P = 0.31). Similarly, when KI was modeled continuously, a significant association was noted with chair time in the women (fully adjusted A = 0.36, P G 0.01) but not in the men (fully adjusted A = 0.28, P = 0.09; the results describing the association between KI and these SPPB components when KI is modeled categorically are shown in Table 2 and Table 3 ). Among the women, both quintile 4 and quintile 5 were found to be significantly different from quintile 1 for both gait speed (P ranging from 0.01 to 0.02) and chair time (P = 0.01) after full adjustment.
DISCUSSION
The major findings of this study are the following: (1) greater kyphosis was associated with worse physical performance among community-dwelling older adults, (2) the influence varied by sex, (3) the influence of greater KI on physical performance was observed only among the women, and (4) no relationship was observed between greater KI and the outcomes of balance or self-reported disability.
Consistent with the authors' hypothesis, it was found that older adults who had greater kyphosis performed worse on the SPPB, a measure of lower extremity mobility. There was a clinically meaningful difference of 0.65 in the fully adjusted least-squares mean SPPB score between quintile 1 (adjusted mean, 9.52) and quintile 5 (adjusted mean, 8.87). Specifically, increased kyphosis was associated with slower gait speed and increased time needed to stand up from a chair repeatedly. The participants in quintile 1 had a KI of 8.187 or lower, and the participants in quintile 5 had a KI of greater than 13.105. Of note, clinically relevant cut points for KI have not been previously established in the literature. This study suggests that 13.1 (the cut point before quintile 5) may be a clinically relevant cut point.
These findings are consistent with that of previous studies. Antonelli-Incalzi and colleagues 7 found a stronger relationship between physical function and kyphosis in women as compared with men in a population-based study of home-dwelling people 65 yrs or older. In contrast, Kado and colleagues 5 also found that greater kyphosis was associated with difficulty with chair stand time but observed no evidence that sex modified the association between kyphotic posture and physical function in a population-based study of people 55 yrs or older. Kado and colleagues 5 used 1.7-cm blocks to measure kyphosis, a cruder measure than KI. Interestingly, the study of Kado and colleagues 5 also found a significant association between kyphosis and self-reported disability. In contrast to this study, their self-reported disability measure included difficulty with bending in addition to difficulty with walking or stair climbing. Clinical experience suggests that difficulty with bending reflects an activity that may be more vulnerable to increased kyphosis. This may explain the observed differences regarding disability between the findings of Kado and colleagues 5 and that of this study. This also highlights the point that a measure representing a broader range of disability might be a better measure to evaluate the influence of increased kyphosis among older adults.
The association between increased kyphosis and the SPPB may be related to unmeasured attributes, including force production of the back extensor muscles and the presence of spinal compression fractures. Increased kyphosis has been linked to back extensor weakness. 37Y39 In addition, Suri and colleagues 40 demonstrated that SPPB scores are linked to trunk extensor muscle endurance. Thus, decreased trunk extension endurance may contribute to both increased kyphosis and poorer performance on the SPPB. Greater kyphosis has also been associated with decreased bone mineral density in the spine, 41 and osteoporotic vertebral compression fractures have been associated with impaired functional status among women. 42 Thus, vertebral compression fractures, which are in themselves associated with back extension strength, may also contribute to the association of greater kyphosis with poorer performance on the SPPB. The MOBI-LIZE Boston Study did not measure back strength, back endurance, bone density, or radiographic evidence of spinal compression fractures, which would have enabled the authors to confirm these possible relationships. However, in recent studies evaluating kyphosis, bone status, and mobility, Katzman and colleagues 43, 44 have found that increasing kyphosis is associated with worse mobility among older women, independent of spinal osteoporosis.
This study's sex-specific analyses showed that the relationship between kyphosis and physical performance was evident only among the women. Sinaki and colleagues 45 demonstrated that women had less muscle strength than men regardless of age, with women's back extensor strength ranging from 54% to 76% compared with men's back extensor strength across decades of life. Among women, it has been shown that women with osteoporosis have significantly lower back extensor strength than do healthy women, 39 which is important because both osteoporosis and back extensor weakness are associated with greater kyphosis. Osteoporosis and spinal compression fractures are more common among older women than older men and may thus account for the authors' observed sex differences. It could be hypothesized that the findings of this study may, in part, be caused by the smaller percentage of older men in this study; however, among the results that were statistically significant for women, the corresponding effect estimates were always smaller for men.
Kyphosis was not associated with balance, as measured by the BBS or within the balance component of the SPPB. Other studies have reported conflicting findings. Antonelli-Incalzi and colleagues 7 found that increased kyphosis was associated with impaired balance in women, in whom balance was measured using a testing procedure that is similar to the balance component of the SPPB. In a study involving 22 women with osteoporosis, Greig and colleagues 10 found vertebral fracture to be related to impaired balance characteristics rather than thoracic kyphosis. This might suggest that a history of fracture is a factor that influences balance rather than kyphosis and could explain the positive association observed in other investigations. Although the authors acknowledge that the balance measures varied methodologically between their study and some of these other studies observing positive findings, both the BBS and the SPPB balance component are considered to be clinically relevant balance outcomes.
In addition, greater kyphosis was not associated with self-reported disability. It is well established that SPPB performance is predictive of disability, especially using the definition of disability used within this study. The cross-sectional findings of this study suggest that, although kyphosis may interfere with physical function, it does not do so to a degree that would lead to individuals reporting mobility difficulty.
FIGURE 2
Fully adjusted least-squares means and 95% confidence intervals of the SPPB scores (A) and the BBS scores (B) by the KI quintiles in multivariable linear regression models are shown. C, The fully adjusted odds ratios of the multivariable logistic regression model predicting self-reported disability for all participants are shown; quintile 1 is used as the referent. Full adjustment includes adjustment for demographic factors (age, sex, race, and education), BMI, self-rated health, comorbidities (heart disease, diabetes, stroke, depressive symptoms), back pain, knee pain, and falls self-efficacy. In these models, the entire study population was used. In these models, KI was modeled as a categorical variable. Quintile 1 refers to the participants whose KI fell in the lowest 20% of this study's population. Fully adjusted models include adjustment for age, sex, race, education, BMI, self-rated health, heart disease, diabetes, stroke, depressive symptoms, back pain, knee pain, and falls efficacy. In these models, KI was modeled as a categorical variable. Quintile 1 refers to the participants whose KI fell in the lowest 20% of this study's population. Fully adjusted models include adjustment for age, sex, race, education, BMI, self-rated health, heart disease, diabetes, stroke, depressive symptoms, back pain, knee pain, and falls efficacy.
Of note, the ideal KI has not yet been agreed upon. There is a natural kyphotic curve, and its distribution has rarely been studied. In the community-based population studied by Milne and Lauder, 46 the mean KI among young adults (aged 20Y49 yrs) was approximately 8 for men and 6Y8 for women, and KI increased after the age of 60 yrs in men and the age of 50 yrs in women. In another recent study by Kado and colleagues, 47 KI among 610 community-dwelling white women, aged 67Y93 yrs, was normally distributed, with a mean value of 12.3 and an SD of 3.4. Among the women in the MOBILIZE Boston cohort, KI was also normally distributed, with a mean value of 10.7 and an SD of 3.3. Because the authors are hypothesizing that a high degree of KI has an adverse effect on mobility and function, they analyzed KI both continuously and categorically and chose the participants with the 20% lowest KIs as this study's referent group for the categorical analysis.
This study does have limitations. In addition to those previously mentioned, the analyses are crosssectional and therefore cannot determine causation. A prospective analysis would be needed to clarify relationships between KI and outcomes, such as falls or nursing home admissions. In addition, the authors were not able to evaluate changes in kyphosis over time, which might have a more deleterious impact on this study's outcomes. Furthermore, the authors looked at thoracic curvature in only one plane; there may be other aspects of spinal curvature in other planes or other spinal segments that may affect this study's outcomes that were not measured.
The strengths of this study include its large sample size, the inclusion of both men and women, the use of a community-based study population, and the use of a clinically simple kyphosis measure that shows important variations in kyphosis.
CONCLUSIONS
Even after adjustment, increased kyphosis is significantly associated with measures of physical function, particularly gait speed, chair time, and SPPB score. This association holds true in women but not in men. The findings of this study provide support for further study evaluating the relevance of kyphosis among older adults, especially for women. Ideally, these future studies would include information about kyphosis, compression fractures, and trunk extension strength to help clarify the contributions of these interrelated matters.
